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ABSTRACT
The construction industry exhibits a unique set of characteristics such as
fragmentation, multidisciplinary development, substantial financial
commitment, varying complexities, long time spans, and a large number of 
geographically separated stakeholders involved at all the stages of the
projects. Project managers are required to integrate the efforts of all the
stakeholders for required collaboration and coordination for successful project 
management. This requires a quantum leap in the use of shared IT systems, 
integrated information processing and communication systems and can be 
achieved through Web based communication. Benefits of web-based systems 
would be realized if at the planning stage, equal attention is given to technical,
managerial, people and cultural issues. This paper discusses the planning 
issues and provides a road map for the organisations to adopt the technology.
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INTRODUCTION
Construction projects require collaborative and coordinated working by a
diverse team of project organisations and researchers have highlighted the 
importance of communication in successful construction project delivery
(Skibniewski and Zhang, 2005; Alshawi and Ingirige, 2002). Collaborative 
working requires the integration of communication taking place across
organizational boundaries to provide an integrated approach to delivering a 
project (Root and Thorpe, 2001) and construction project management, in its 
basic form involves a specialist manager co-ordinating the running of a
construction project from start to finish and therefore dealing with many
potential problems associated with differentiation and integration (Sommervile 
and Campbell, 2001) also project planning, tracking and monitoring.
When increasing number of organisations are involved in projects and these 
organisations are geographically separated, the need for effective inter-
organisation communication is particularly evident. Issues of integration can 
be addressed if the inter-organisational information systems are linked
together (Krishnaswamy, 2004). Information is now enlisted as the fourth 
business resource following human, material and financial resources (Pena-
Mora and Tanaka, 2002) since researchers have highlighted the amount of 
time spent by project managers in managing information. Scanlin (1998) 
points out that communication consumes about 75% to 90% of a project
manager’s time and information therefore needs to be current and available 
2on demand, whereas a construction firm surveyed its project managers and 
found that 15 percent of their workday was spent on searching for information 
(Opfer, 1997). The construction industry requires a system that can provide 
real time information and is efficient in information generation,
communication, storage and retrieval. Such a system is essential for the quick 
detection of time, cost, scope and quality deviations from planned
performance (Nielsen and Sayar, 2001).
Internet is the technology that best facilitates a collaborative working
environment in a construction project (Nitithamyong and Skibniewski, 2004)
since it provides an ideal platform for information collection, collation and 
dissemination and facilitates transactions across geographical boundaries,
irrespective of the size of the players (Nehru, 2001), while simultaneously 
lowering transaction costs drastically (Nehru, 2001; Opfer, 1997) and is not 
too difficult to use (Chan and Leung, 2004).  This enables Web based
construction project management where procedures remain the same but are 
carried out electronically (Skibniewski and Zhang, 2005), through project 
collaborative extranets. The Web can also overcome the data incompatibilities 
through smart browsers and servers and networks can integrate disparate 
computer systems using different hardware platforms (Nitithamyong and
Skibniewski, 2004), creating seamlessly integrated networks (Krishnaswamy, 
2004).
Such integrated construction management systems can provide decision
makers, e.g project and executive managers with engineering, construction 
and other operational information that helps in reducing project duration,
making better use of resources, increasing labour productivity and decreasing 
cost (Nielsen and Sayar, 2001).
WEB BASED COMMUNICATION
Web based communication for construction project management would be 
facilitated if the web based information management within the organisations 
is matured and incorporated in the day-to-day working. This would be
facilitated through organisation web sites having link to the project web sites 
for projects being executed by the organisation. This would enable the
information to flow freely in all levels and allow managers to learn of the 
organisation and/or projects and their problems simultaneously so that
decisions and instructions can be made and received uniformly (Nielsen and 
Sayar, 2001).
Project team organisations should set up a project web site from the design 
stage of the projects. Decisions taken at the design stage fix approximately
85-90% of the construction costs (Finne, 2003). Researchers have highlighted 
the problems encountered in projects due to inefficient communication at the 
design stage of the projects (Table 1).
(East et al., 2003)
The Building and Economic Development Committee (NEDO 1987) reports that 50% 
of the problems encountered during the construction and start-up phases are related 
to deficient management of information exchange during the design phase.
3The Federal Facility Council (FFC at http://www7.nationalacademies.org/ffc/) reported 
that between 30 and 50% of all changes required during the construction phase
resulted from errors in the design documents related to miscommunications between 
design disciplines.
State Department users of Web-based collaboration on design review estimate that 
the overall impact on total project cost is a reduction of 1/2%.
(Pena -Mora and Tanaka, 2002)
According to a survey, 30% of all the questions that came from the construction site 
managers to the designers were related to inconsistencies in drawings from the 
architectural, structural, and mechanical designers (Kajima Corporation, unpublished 
internal report, 1998) 
Table 1: Problems in Construction Projects due to Inefficient Communication
The following section comprehensively looks at the communication
management processes that could be executed at all the stages of the
projects through project web sites and their benefits (Web Based Project
Management White Paper, 2004).
Design Stage
Preliminary designs could be uploaded on the web through the project
folder/web sites for immediate access. They could be red-lined, commented 
upon and circulated to all organisations involved in the design. As revisions 
occur, revised drawings could be maintained on the web and fully
documented for future reference, leading to faster design process, with less 
time spent, and more expedient verifying, so that everyone has the right
drawing. Correct and latest drawings would be downloaded for preparation of 
tender documents. 
Tendering and Award Stage
Contractors could register online and access drawings and specifications
through the Project Web sites, saving Owners the cost of printing and postal 
charges where required. Bid submissions, including financial and technical 
bids and schedules could be submitted through the project web sites. Bids 
opening and negotiation meetings could be held through virtual conferencing.
Construction Stage
The majority of the information flow in construction projects occurs at the 
construction stage, as during this stage all the project team organisations 
become active. Design detailing, change management, site coordination,
material procurement and arrangement of manpower and machinery is
happening simultaneously at this stage and requires real time information
management for tracking and monitoring the projects. With use of web based 
communication, everyone on the project team, including the Owner would 
have the opportunity to review, approve and comment before a document is 
issued to site, without sacrificing time or spending hours on meetings, faxes 
and phone calls. There would be immediate access to RFI responses, site 
photos, updated and supplemental drawings, project schedules, change
orders, and field comments.  This would reduce the risk of errors and rework
by ensuring that everyone in the project team is working with the most current 
drawings and other documents. Site photos would help to share progress with 
those in remote locations, resolve issues and minimize site visits by
monitoring construction from the office. Coordination meetings could be held 
through online conferences. All current and past versions of drawings and 
4documents could be stored at the project web site, facilitating preparation of 
correct as-built drawings and dispute resolution at the end of the project.
STATUS
The overall construction industry has shown a relatively slow up-take of Web 
technologies to improve its practices (Alshawi and Ingirige, 2002), and
construction information is still primarily exchanged by conventional human
communication and printed drawings (Pena-Mora and Tanaka, 2002) or 
documents. Organisations have started using web for some of the
communication processes discussed above, but there is still a long way to go 
for the industry to adopt complete web based communication system.
Engineering News Record (ENR) in the United States reports that the number 
of A/E/C firms using Web Based Project Management System (WPMS) has 
risen by 16% within the past 2 years. It is also estimated that the number of 
A/E/C firms prepared to set up ‘‘virtual’’ project teams by using the WPMS 
concept is doubling every 6 months (Nitithamyong and Skibniewski, 2004).
But, in a survey conducted by the authors to assess the use of ICT in the 
construction industry of a developing country, only 1% of the respondents had 
partially adopted web enabled project management even though all the
respondents were transferring documents and drawings through e-mail.
Some organisations have successfully adopted web based communication 
and project management systems for their projects. As reported by Alshawi 
and Ingirige, (2002), Takaneka Corporation of Japan (Sakamoto et al, 1997) 
developed a technology that enables every participant of a project, even in 
distant locations to work together by using the Internet as an information
management platform. The project website (accessible through user ID and 
password) apart from having access to all project related information such as 
progress report, photographs, CAD data, minutes of meeting, etc., it also has
the facility of a virtual conference room where all project information is
available.
STRATEGIC PLANNING AND SYSTEM IMPLEMENTATION
There are three options currently available for organisations to implement
Web based Construction Management: to develop the system in-house; to 
purchase packaged software from vendors and install it on organisation’s own 
server and to subscribe to an application service provider (ASP) from a
service provider (Skibniewski and Zhang, 2005). Most of the organisations opt 
for ASPs, because they do not have highly IT trained staff on regular
employment. Some of the commonly used ASPs are: AutoDesk
(www.buzzsaw.com), BIW (Building Information Warehouse,
www.biwtech.com), Constructware (www.constructware.com) and Primavera 
(www.primavera.com). But, there is no clear leader in the industry.
As the construction industry is at the embryonic stage of change as far as 
Internet is concerned, every effort should be made to move forward
strategically (Preece et al., 2001) and the adopted systems should be
integrated with the business processes of construction organisations (Alshawi 
and Ingirige, 2002). Equal consideration should be given to technology,
process, people and culture (Alshawi and Ingirige, 2002; Huang et al., 2002). 
5One of the most important issues in using a project web is determining the 
objectives (Andresen et al., 2003) and as the WWW is a medium whose state 
of the practice evolves rapidly, a goal-oriented approach addressing the
objectives of the system, offers a means of developing realistic solutions that 
retain value even as the technology changes (Smith et al., 2001). IT projects 
change the way of doing business and involve vast array of decision factors. 
Therefore, the decision process is a comprehensive process and requires a 
multidimensional approach (Skibniewski and Zhang, 2005). Factors that need 
consideration are discussed below.
System Planning
Project web sites should have a champion for their use and their specific uses 
should be defined before implementation (O’Brien, 2000). The champion or 
the leading organisation could be the project manager, owner or the main 
contractor who should carry out the input/output analysis for the system at the 
planning stage. Risk analysis of utilizing such a system should also be carried 
out for each project, as each project team is unique with organisations having 
disparate IT capabilities. (Love et al., 2004).
Inputs are the initial cost of Hardware and Software, hiring trained staff, 
training existing staff, support and operation and running cost. Following 
points need to be considered while evaluating costs: a certain amount of cost 
is needed to ensure the usability of the project web no matter how many
users are attached to the system (Andresen et al., 2003); Accurately
assessing the costs of modifying the value chain, and building the bottom line 
must take precedence over pure technological innovation (Ribeiro and Lopes, 
2001).
Outputs are the Benefits in terms of administration cost savings, project 
personnel productivity increase, communication quality improvement, project 
quality improvement and increase in competitiveness of the organisations 
(Skibniewski and Zhang, 2005). Project benefits due to improved
communication can be divided into three categories (Andresen et al.,
2003):(a) economically measurable, also termed as efficiency benefits
achieved by doing things right (b) measurable also termed as effectiveness 
benefits achieved by doing the right thing (c) non-measurable also termed as 
performance benefits achieved by doing better things. All three groups of 
benefits need to be considered while evaluating the system. Following points 
need to be considered while evaluating benefits: benefits relate to the whole 
project rather than a single organisation (Andresen et al., 2003) and more 
benefits would be accrued at the later stages of the project.
Researchers have highlighted the difficulty of identifying and measuring costs 
and benefits associated with IT investment (Ward, 1990; Hochstrasser, 1990; 
Land and Targett, 1992).
System Specification
Project web site should be designed understanding the needs, goals, and 
objectives of project management to be able to translate them into an
achievable work flow system. In addition, the design must offer the reliability, 
6security, and flexibility to support the most important project management 
applications (Peter and Zipf, 2000).
Standardisation of technology, information and data between all the
organisations is important. There should be focus on standardisation of
interfaces between the different systems (Stewart and Mohamed, 2004) and 
development of standard operating procedures between all the organisations 
(Peter and Zipf, 2000). System should support Technical interoperability,
Semantic interoperability, Political/human interoperability, Intercommunity
interoperability and International interoperability (Chinowsky and Rojas,
2003) .
System Implementation
Project web agreement addressing the objectives needs to be established 
between all the organisations (also those that join the project at a later stage). 
The project web agreement should ideally include (Andresen et al., 2003):
Targets for the project web usage; A list of critical success factors; A list of 
involved organisations; A description of each organisation’s’ duties,
responsibilities and rights; An identification of necessary requirements and 
usage areas; The general guidelines for use of the project web in form of a 
‘Project Manual’.
Within each organisation, staff should be taken in confidence and should be 
aware of and understand the reason for the changes in the organisation
working system and their daily operations. This could be accomplished
through workshops and training sessions (Peter and Zipf, 2000). Along with 
web-based communication alternative forms of communication to be adopted 
at various points should be decided in the beginning (Chinowsky and Rojas, 
2003) and unplanned parallel communication flow systems should be
avoided. At the start of the project, face-to-face meetings should be held
between project organisations of virtual teams to develop a sense of “team” 
for their members (Chinowsky and Rojas, 2003).
A fundamental change is necessary in what constitutes legal documents, from 
paper-based to digital versions. Changing this will require amendment of all 
working procedures based on assumptions that the legal document is paper-
based. Digital signatures would help to make project web usage more efficient 
(Andresen et al., 2003). 
RESEARCH ISSUES
In collaborative working, benefits come through widespread adoption of the 
technologies. As more organisations adopt them, the greater the potential 
benefits. Majority of the organisations in the construction industry can be 
categorized as Small and Medium Enterprises (SMEs) (Rebeiro and Lopes, 
2002; Nehru, 2001) and there is still a long way to go for SMEs use of ICT 
tools like electronic information standards and Internet technology (Ribeiro 
and Lopes, 2002). Industry leaders need to promote web based
communication for construction projects and help the SMEs in its adoption by 
providing training to their staff, generating electronic databases, providing
7information on cost-benefit analysis of such a system and being the champion 
for web based communication for their projects.  Also, research in this area 
needs to focus on strategic and operational needs of SMEs and managerial 
and communication processes adopted by them for communicating project 
management information.  Authors have conducted a survey of SMEs in the 
construction industry to study these factors and analysis results show that 
increased use of ICT technologies for general administration within the
construction organisations i.e increased intra-organisation use of ICT would 
lead to increased and effective use of ICT and web based technologies for 
construction project management i.e inter-organisation or collaborative use. 
CONCLUSION
Successful construction project management requires effective collaboration
and coordination between multiple project team organisations. With project 
team organisations often geographically separated, project managers today 
may employ web-based communication at all the stages of the construction 
projects to integrate the efforts of the team members and requirements of the 
stakeholders. Planning and implementation of adoption of web based
communication by an organisation should consider business objectives of the 
organisation, intra-organisation and inter-organisation communication
procedures, industry requirements, technical issues like standardization of
information, availability of electronic database etc. and associated managerial 
issues. As the construction industry has been slow in the adoption of ICT 
technologies, how to develop a strategy to encourage, facilitate, then
streamline web based communication for everyday project management
routines remains a big challenge. Industry leaders, for example, large
corporations and professional bodies, may develop strategy plans for the
same at industry level and help SMEs in its adoption. The real shift will occur 
when there is a regular requirement of web-based communication at project 
levels and organisations can see the benefits in doing so and the viability of 
investing in the technology.
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